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INTRODUCTION 


Soil, sun, air and water are essential for plant 
life. Although sunlight and air are generally beyond 
the farmer's influence he can use soil and water in 
such a way that he can exercise some control. At some 
time during the growing season, nearly every farmer 
experiences a need for rain. Irrigation is a depend 
able method by which the farmer can supplement natural 
rainfall at the time and in the amounts it is needed. 


Irrigation is defined as the artificial application 
of water to soil for the purpose of supplying the water 
essential to plant growth. The source of water for. 
irrigation purposes, its method of delivery and distri~ 
bution, the type ef land to be irrigated, and the crops 
to be grown under irrigation may vary considerably 
between areas to be irrigated, but regardless of any of 
these factors, its prime purpose is to provide incrcased 
crop production to such an extent that added income can 
be enjoyed by the irrigator and the farming area in 
goneral. 


In many irrigation systems, and cspecially with 
sprinklor type irrigation systoms, a pumping unit is 
required for thoir operation. With the many advantages 
which an electric motor can provide as a power sourco 
for this pumping, irrigators are increasing their 
requests for clcectric sorvice for thoir pump installations, 
Featuros which mako electric motors especially dosirable 
for pumping aro their low initial cost, low cost of upkeep, 
high efficiency, compactness, thoir constant spood, 
dependability, long life, stoady planning costs, and their 
Laboresaving qualitics. Members of cooperatives and 
power districts who desire to install an electric pump 
irrigation system usually dosire to secure assistance in 
planning their system from thoir ceoporative or power 
district. To assist its borrowers in rendering this 
valuable service, the following information has been 
prepared as a guide to be used by the Electrification 
Adviscrs,. 
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_. BASIC FUNDAMENTALS 


There are certain basic fundamentals which electrification advisers 


Should be familiar with when discussing electric pump irrigation. These 


NS 


fundamentals consist of units, eyuivalents, definitions and basic formulas. 
The following discussion includes those which are most commonly used. 


Lineal and Land Measurement 


The determination of lengths and areas of land to be irrigated is one 
of the first steps involved in planning-a pump irrigation system. 


Most Common Units of Lengths dre: Their Relationship or Equivalent: 


Feet (ft.) - Rod - Chain - Mile (mi.) 163 feet = 1 Rog 
4 Rads or 66 Feet = 1 Chain 
5,280 Ft. = 320 Rods = 80 Chains = 1 Mi. 


Common Units of srea are: Their Helationship or Equivalent: 


Square Feet (sq. ft.) - Square 43,5600 Syuare Feet = 1 Acre. 
Rod —*Square Mile ~ acre (ac.) - 1 Acre = 160 Square Rods 
Section - Quarter Section 640 Acres = ] Square Mile = 1 Section 


160 Acres = 1 Quarter Section 


Location of Sections in Typical Sub-division of. 
Township Standard Section 
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~~ Volume and Weight 


For one to determine the amount of water available or required for 
irrigation he must be acquainted with the terms and units of water used in 


discussing volumes of water. 


The common units used in discussing volumes of water are: 


Gallon « Cubic Inches - Cubic Foot ~ Acre Foot ~ Acre Inches 
The common unit of weight is the: 
Pound 


Water in small tanks, cistorns, and simmps is usually measured in gallons. 


“Water in large tanks and small rosorvoirs is usually measured in cubic fect 
or gallons. . 


Water in large reservoirs is most commonly measured in acreefoct. 


Wator, as it is applicd to lond for irrigation, is measurcd in acro-inchos or 
acresfect. 


Definitions: - 


Acrowinch « Amount of wator required to cover one acro of land one 
inch decp. 


Acro..foot — Amount of wator required to cover one acre of land one 
foot docp. ' 


Their Relationship or Equivalent 


231 cubic inches (cu, in.) 
61337 cubic fcot (cu. ft.) 
1 gallon of water woighs 8.33 pounds (lbs.) 
1 cubic foot = 1728 cubic inches 

= 7.48 gallons 
1 cubic foot of water weighs 62.4 pounds 
1 acre foot 43.560 cubic fect 
325.850 gollons 
12 acre inches 


1 gallen (gal.) 
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Typical Problems 
4 jase is planning uo acre a Jabs ae has the following dimensions: 


Wath 660 1 foot Longth 80 Rods 


660! 


9 ce ne ners ne ent ere eR ED rere ee ree ee eee 


PAyeWst Pie the Jeneth of the field in foot? 
Ans.'1320 Foot 
(>) How many rods wide te the fiold? 
Ans. 40 Rods 
(c) How 4p squore rodeynto there in tho fiola? 
Ans. 3200 Sa. Rods 
(d) How many eee in the £iold? 
Ans. 20 Acres 


(o) This irrigator plans to plant alfalfa in this fiold, Its water roquiro. 
ments will be 6 irrigations coach scason and to got proper soil saturation 
will require a 4 inch water application during cach irrigation, How many 
acrosfoct of water will bo BogusTpe to irrigate this ficld during the 
season? ; 


Ans. eis Foot 


‘1, . Rates: of Flow 


In discussing, planning, or designing an irrigation sy stem one immediately 
becomes involved in the rate of flow of water. This discussion is te clarify 
the various units used in discussing flow of water and to show their relation 


ship to each other. 


Units of flow are? 


Gallons per minute (gpm) » Cubic feet per second (cfs) + 
Miners Inch (mi. in.) : POG | pLOR SE On Y 4 


Definitions: 


1 gallon per minute ~ A rate of flow such that a 1 gallon measure 
would be filled each minute. 


1 cubic foot per second » A rate of flow such that a measure of 1 
cubic foot capacity would be filled each 
second, (Often called second—foot) 


1 miner's inch ~ A rate of flow through an orifice of 1 square inch 
area under heads which vary locally. f 


. 


Their relationship or equivalents 


1 gallon per minute = 0.00223 cubic feet per second 
= 1440 gallons per day 

1 cubic foot per second s 7.48 gallons per second 
448.8 gallens per minute (approx. 450 gpm) 
.992 acre inch per hour (approx. 1.0 ac in/hr) 
1.983 acre feet per day (24 hr) (approx. 2.0 ac £3/4. 
40 miner's inches in Arizona, California, 

Montana and Oregon - 4. (oeag es 
50 miner's inches in Idaho, Kansas, Nebraska, 
Nevada, Now Mexico, North Dakota, South Dakota 
‘and Utah. C 2.0 


= 38.4 miner's inches in Colorado 
11.25 gallons per minute when oquivalont to 1/40 second foot 


= 9 gallons per minute when equivalent to 1/50 second foot 
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‘the ariving force of a pump aerieet ion installation is its Douek a hs 


In an cloctric pump irrigation installation one must be ager Gs with power as 


_@ mechanical unit and also as an olectrical unit. 


“Units of Powor are: 


Foot-pounds (ft. lbs.) = Horscpowor (hp) ~ Horscpower-hours (hp. -hr.) 
Watts - Kilowatts (kw) = Kilowattehours (lw. hrs.) or (kwh) 


Definitions: 

When a given body is moved work is done in accomplishing that movemont. 

The unit of work is the foot-spound (ft. lbs.) and is accomplished when onen. 
pound of weight is moved a vertical distanco of one foot. 

If a time factor in which to accomplish cortain work is added, the result is 


tho neccessary powor. 


Powor is the timc rato of doing work. 


Horsepower is the mechanical unit of powcr, 


Kilowatt is tho clectrical wnit of powcr. 


Equivalcntss: 


33,000 foot pounds of work por minuto 
550 footepounds of work por scocond 
746 watts or 746 kilowatts (approx. .750 kw) 
1 Kilowatt = 1,000 watts 
s 1,34 horsopowcr 
1 horsopowor-hour # 1 horscpower for 1 hour 
1 kilowattehour « 1 kilowatt for 1 hour 


1 horscpowor 
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Hoad ond. Pressure 


To pump wator tox irrigation the Pump operates against a head. This head 
consists of — bho rosistoncos Saeoontor et in raising tho wator to its point 
of use and Bye reancd to als it available for uso in the dosired manner. 
Hoads consist of elevation which water ia to be raised, tho resisbanco duo 60 
friction in flow of water through pipes and pipo fittings, the added pressure + 
roquired to oporato a sprinklor systom or other similar resistanccs which must 
be overcome by as pump. , | | 
Units tle in discussing heads ares 

Foot of Hood "pounds Por Squaro Inch (Pressure head) 
Definitions’ 


we 


Feet of Head is the pressure exertod aeee a column of water one foot high. 
Pound Per Sq Square Inch is pressure of one pound exerted on a square inch area. 


Equivalcntss 


1 foot ef water hoad = 0,434 pounds per. square inch 
1 pound per square inch @ 2.31 fect of wator 


ee 


tf “K7 ‘One pound, of 


This container will , water will fill 
hold 0.433 pounds of wator. — oe ete this container 
' ~ Pe ere to a height of 
| 2.31 foot. 
rN itl 3.0! Api 
| . Beue , 
1,0? : Fe 
% at qt ¢ 
Ay aa hy ‘ 
eh Ct Tee cal des 
Pressure at this 7 pat at 
point is 434 lbs. “et 


per sq. in. 
Prossuro at this point 
is 1 pound per sq. in, 


Typical Problems 


Rates of Flow 


1, If a pump provides a dischargo of 900 gallons por minuto, what is tho 


dischargo in cubic fect per socond? (b) Minorts inches? (c) Acro 
inches por hour? . 


Ans. (a) 2.0 cfs 
pe 80 or 100 Mi.In. 
(c) 1.98 Ac.In./Hr. 
2. If tho pump in Problon 1 operatos for 3 comploto days (24 hours por day), how 
many acre feot of water will it havo pumped? 
Ans. 11,88 Ac. Ft. 


3. If oa farmer dosires to apply 6 inches of water to 2 10 acre ficld, how many 
hours of pumping will bo required using tho pump described in Problom 1? 


Ans. 30.3 Hrs. 
Povor 
1. What cleqtrical power is roquired to eperate a 5 horsepower motor? 
Ans. 3.73 Kw. - 


ee If a1 hp motor eperatos 5 hours, how many kilowattehours of cnorgy did 
it uso? (Do not consider officicncy.) 


Ans. 37 eo Kwh. 


Pressure and Head 


1. How many pounds of pressure would be cxorted at the base of a l Square inch 
column of woter if tho wator stood 10 foot high? 


Ans. 4.3 lbs. 
2 If an irrigation sprinkler systom roquired a pressure of 40 pounds por square 
inch to operate, what Oquivalent foot of head would bo required to make the 


systom opcrate? 


Ans. 92,4 Ft. Head 


Pumping Head 


‘The sketches on the following pages illustrate the 
pastoris puawing heads in two typical pumping systems. 
The first is of a decp well turbine pump installation 
with a free discharge at a higher level. The second 
of a centrifugal type pump installation operating a 


sprinkler systom from a surface wator supply. 


Sony 


SKETCH 
DEEP WELL fuRBINE = FREE DISCHARGE 
., LLLUSTRATES 
PUMPING LIFTS AND HEADS 


| | -  PRICTICN HEAD” re 
7 ; . ' ak 
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& ° oy 
‘ = % “ ni DEFINITIONS 
Oo w aie ] Der inet ims: 
a he z 
A = S STATIC WATER LEVEL = THE STATIONARY WATER LEVEL 
ag WHEN NO WATER 1S BEING PUMPED. 
DRAWDOWN = THE Of STANCE THE WATER LEVEL RECEDES 
‘ | DUE TO PUMPING, 
Jem ma SUCTION LIFT OR LIFT = THE VERTICAL DISTANCE FROM 


: i ime PUMP TQ WATER LEVEL. si 

AY YG Hi y 1+ /, / ) SUBMERGENCE = THE DISTANCE TRE INJECTOR OR FOOT 
VALVE 1S UNDER WATER. 

SETTING = THE DISTANCE FROM THE PUMP TO THE 
INJECTOR OR FOOT VALVE. 

ELEVATION = THE VERTICAL 01 STANCE FROM PUMP TO 
CENTER OF DISCHARGE jPI PE. 

FRICTION HEAD — THE HEAD QUE TO FRETION IN PI PE 
AND FITTINGS. 

TOTAL DISCHARGE HEAD = THE HEAD WHICH MUST BE 
DEVELOPED BY THE PUMP TO OVERCOME PIPE 
FRICTION AND ELEVATION. 


Qo 
<c ; , se bs 
oe TOTAL HEAD = THE SUM TOTAL OF THE LIFT 
bP ro AND THE TOTAL’ DISCNARGE HEAD, 
_ Ke . 
-! n€ 
Fa = 


SETTING 
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_SUBER= 
GENCE 
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Total (Dynamic) Head: (TDH) 


harge Head- 
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priction Head 
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: SKETCH : ; 
: Centrifugal Pump - Sprinkler Irrigation Sy stem 
Illustrates 
Fump Lifts and Heads P 
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Aeeail' SUCTION LiPT OR 
a a] { Tym mi 
FANS Rr ow cea ee Se. Vertical cietance: 1 rom puny 
og) ee Ww level 
os ASS to water level. 


at 
ELEVATION... The /Jertical distance from pump to 


pressure tank, reservoir, or service 


’ Fe 
H a 
Ef \ 7 line. 
8 Fi iN FRLCRIONSIMAD....... The head produced due to friction in 
font: iN pipe and fittings. 


iV. SPRINKLER PRESSURE HEAD... The head which must be developed 


jut 


2 \s as pressure to operate sprinkler. 


hoe oe 


ome 


= 


. Ta FVTT rm iY" Total DISCHARGE HM#AD.. The head which must be developed by the 


: ' pump to overcome pipe friction, elevation end sprinkler 
 DPeSsure. 
“TOTAL (Dynamicy HEAD.. ; ‘ 
(Dyn ae The sum total of the suction lift and 
the total dischar ree head. 


Friction Losses In A Ruping System 


The friction losses shown in the following table can be used for estimating 
friction head on surface irrigation installations. To find the friction head of 


a sprinkler irrigation system is much more complicated and will require addition. 
eal tables. — | | 


DEFINITION: 


Friction Loss ~ The head lost due to friction in pipes and fittings. 


TABLE 


Friction Loss per 100 Feet of Common 
Used Pipe and Loss Due to Fittings. 


eejiece ce 


2 te jee ee 


ee Mec em rEg) ho Scat aco ahien 
Bypop 5.27 7.68 9.61 13.60 17.97 
geen" 


th Friction losses computed from Williams and Hazen tables for ordinary pipe. 


Me A ey tee Diameter of Pipe 1/ 
: Per “ 4 wm ine 3 5 w» in. 3 Ow ine) 2 4-B wl ing ‘er 1LO meen ees 
a alc Friction:Head:in Foot : 
A RE MERUNS TG68 2: At) eek BS i! pat Bede iivcVO56 ahi 
H 450 ‘ 19,75 3 6.65 : Leth t 0.64 : O.cl : 
: 500 H 24.08 : 8.12 ; 3.26 : 0.81 : 0.28 2 
H oO? os $ 17.22 : 7.00 H 1.74 : 0.59 $ 
H OOO: =, & $ H 12.04 : 3.02 ; 1.01 : 
$ 1250 : H : 18.20 > - 4,45 $ 1.51 : 
3 2000 : : $ eG TL : 3250 $ 
H Friction Losses From Pipe Fittings in 

3 Terms of Equivalent Lengths of Pipe 

Pake 3,44 4,57 5.72 8.10 10.70 


ee ef 88 92 @08 © @2 8 GH ee 


ee ev les setee e6 
ee ee jee eo |e co 
ee @elee eejee of 


oe ee ite 


9,22 12,20 15.30 21.71 28.70 


ee ee 


a eae 


Typical Problems 


Determining Pumping Heads: 


a; 


“After Jack Jones drilled-his well, he found that static water level 


below the center of pump discharge was 76 feet. He planned to use a 
deep well turbine pump. When pumping 800 gallons per minute, the 
drawdown was 18 feet. The pump was discharging the water into a dis- 
charge basin at the pump. The well was 210 feet deep and the setting 
was at 120 feet. What head would the pump eperate against in securing 
the 800 gallons per minute discharge from the well? : 


; 2 Sete 94.0 Feet of Héad 


Bert Smith was preparing to irrigate an 80 acre plot above the river 
by using a centrifugal pump. The lift from the water level in the 


‘river to center of pump intake was 10 féet. Suction pipe was 15 feet 


long. He had to pipe the water up the river bank a‘distance of 959 
feet. The elevation: above pump to point of discharge was 84 feet. 

He was able to get by with the use of 3 Medium Sweep elbows. He was 
planning a discharge. of 1,000 gallons per minute, and was to use an 
8 inch pipe and fittings. What would be the total dynamic head of his’ 
installation? : ! 


Ans.: 124,2 Feet 


ry 


Water Horsepower 


The water horsepower is defined.as the power theoretically required 
to lift a given quantity of water to a certain height in a specified time. 
In irrigation pumping it may be termed the output of the pump installation 
or a measurement of what is being accomplished. 


The Basic Formula for Water Horsepower is: 


When discharge is in gallons per minute: 


Water Horsepower = Discharge in GPM x Weight/Gallon x Total Head in Feet 
Foot pounds/Minute/Horsepower 


Since water weighs 8.3 pounds per gallon and one horsepower is equal to 
33,000 foot pounds per minute we can write the formula: 


Water Horsepower = Discharge in GPM x 8.3 x Total Head 
33,000 . 


Since Bi a 5 ° 
eee = 1/3960 we can write: 


Water Horsepower - Discharge in GPM x Total Head 
(Theoret ical) 3960 


When discharge is in cubic feet per second: 


Water Horsepower = Discharge in cfs x weight/cubic ft. x Total Head in Pts 
Foot pounds/second/horsepower 


Since water weighs’ 62.5 pounds per cubic foot and one horsepower is 
egual to 550 foot-pounds per second we can write the formula: 


Water Horsepower = Discharge in cfs x 62.5 x Total Head 
550 


Since 62.5 = 1/8.8 we can write: 
230 


Water Horsepower - Discharge in cfs x Total Head 
(Theoret ical) 8.8 


~ 15 - 


- Power Input to Motor 


The energy consumed by an irrigation pump is measured by a standard - 
kilowatt-hour meter. It is possible to determine the power input into an 
irrigation motor by timing the revolutions of the dise of the meter and 


applying the following equation: 


Equation: 
ew SR See Bh Ou 
“t 

where, 

R= number of revolutions of a disc int seconds. 

K = disc constant - watt-hours per revolution of the dise (usually 

found on name plate of meter) (Kh) 

3.6 = factor which is equal to 3,600, the number of seconds in an 


hour, divided by 1,000, the number of watts in a kilowatt. 
The horsepower input can be determined by the following conversion: 


HP = Kilowatt x dou 


Se hie 


Efficiencies 


Of utmost importance to the irrigator is the efficiency of his pumping 
equipment. The ecanomical operation of his irrigation system will depend | 
upon the efficiency of his equipment . Efficiency is actually a ratio of the 
work accomplished to the work expended or more simply the output to the 
input. In a pumping installation one must consider the motor efficiency, the 
pump efficiency and the overall efficiency. These efficiencies are more fully 


expressed by the following equations: 


. Equations:. 


Efficiency = Output 
Input 


Overall efficiency = Water Horsepower 
Horsepower input to motor 


Motor efficiency = Brake horsepower of motor 
Horsepower input to motor 


Pump efficiency = Water Horsepower 
Brake horsepower of motor 


Overall efficiency = ae cham rd x pump efficiency (wire to 
water 


Note: To express efficiency as a percent, multiply by 100. 


wy = 


Typical Problems 


Water Horsepower 


1. If a pump discharges 2 second feet (cu. ft./sec.) of water against a 
head of 88 feet, what water horsepower is it developing? 


Angst 20 Here 


2. if a pump discharges 990 gallons per minute and is operating against a 
head of 120 feet, what water horsepower is being developed? 


Ans.: 30 H.P, 03 


Power Input to Motor 


1. If 20 KW is the measured input to a motor, what is the horsepower input? 


Ans.% 26,8 HoP. 
2. If in checking an irrigation pump meter you find that the disc revolves 
10 times in 48 seconds and the disc constant taken from the meter is 


Kh = 24, what horsepower input should you tell the member that his motor 
is using? 


bns.ts weletle HsP. 


Efficiencies 


1. By checking a meter and making the necessary calculations it was found 
that the input to an irrigation pump motor was 50 horsepower. By measur- 
ing the pump discharge and lift, 30 water horsepower is found. What is 
the overall (wire to water) efficiency of the installation? 


Ans.: 60% Eff. 


2. if motor efficiency is 85 percent and pump efficiency is 70 percent, what 
is the overall efficiency? 


Ans,: 595% Brn 
et ae 


Sa 


Motor Horsepower 


The size of motor required to operate a pump under a given set of con- 
ditions is one of the essentials in the design of an electric pump irrigation 
system. The installation of the proper size motor is-important to the 
irrigator and the power supplier. To determine the size of motor, data is 
needed on the rate of discharge, the total head under which the pump is to 
operate, and the efficiency of the pump. Equations used for this computation 
are provided below, . 

Definitions: 
There are two basic horsepower definitions as they apply to motors 


The Rated. Horsepower of a motor is the horsepower the motor will 
develop when operating at full load, 


The Brake Horsepower is the actual horsepower being delivered by the 
Shares Lis . . | . 


The horsepower output of a motor is the horsepower input to the motor 
multiplied by the efficiency of the motor. . 


Equations: 


Two basic equations to determine brake horsepower required are as 
follows: 


HP = GPM x Head (in feet) wr Cubic Feet per Second x Head Cin feet) 


3960 x Pump Efficiency 8.8 x.* Pump Efficiency 


Note: When brake horsepower requirements have been determined then 
select an electric motor with a rated horsepower equivalent 
to or a size larger. 


Listed are motors manufactured with rated horsepower between 
5 hp and 200 hp. 


5~-73-10-15-20-25-30-40-50-60~75~100~125-160-175-200 


15 = 


Computation of Head - Discharge - Efficiency 


By various algebraic variations of the basic. equation used to determine 
the motor size (Motor Horsepower) it is possible to determine Total Pump 
Head, Discharge, or Pump Efficiency. This is providing that. three of the 
four units (Brake Horsepower, ‘Total Head, Discharge, Efficiency) are known. 
Basic Brake Horsepower Equation 

' Discharge in Gallons Per Minute Discharge in Cubic Foot Per Second 


HP = GPM x Total Head HP = c.f.s. x Total Head .. 

3960 x Pump Efficiency 8.8 x Pump Efficiency 

see : 
GPM = HP x «9360. x Pump asthe ORS. HP x 6. a x ame Etficieney 


dot adit Heads “at ; Tobad Head 


Total Head 


TH = HP x 2960 x Pump Efficiency TH = HP x 8.8 x Pimp Ertiteney 


GPM CFS 
Pump hetitenas 
EFF = GPM x Total Head EFF = CFS x Total Head 


3960 x HP 855 20 HP 


Data obtained by use of the above equations can also be obtained by 
use of the following table. The One in the table are based on a 


“50 ‘percent ‘efficiency: ° They’ can be corrected to apply to other efficiencies. 


sees NP 


HORSEPOWER REQUIRED TO PUMP DIFFERENT QUANTITIES OF WATER 


AGAINST TOTAL HEADS OF 10 To 20U FEET 


' 


¥ 


: DISCHARGE - HORSEPOWER REQUIRED FOR LIFTS OF = : 
: : Soe: $ 
: GALLONS: CUBIC ; : : Se. Sa : : : Ss : : : : : : 
: PenomeaereT Pen 2 20-9 2) 3-250 g Fe03 2. 50 ¢ GO +4 70. 2 80 : 90 3 106: 125: 150: 175: 200: 
: MINUTE : SECOND : FEET : FEET : FEET : FEET : FEET : FEET ; FEET 3 FEET ret ios Feely fret ies (HAD. Sy met a YS SSI 
: 25: 0.056 © : 06126: 00253: 0.379: 0.505: 0.631: 0.758: 0.884: 1.01: 1.14: 1626: 1,58: 14-89: 2.21: 2.52: 
: 5SCg oN tt eee os) ee 50Ss ey os, belt ff fed6 : £.52-2 Patio: 22022 (2ae7e “e253: 73.16: “Sa/92 4042: - S.05: 
: 100 : pe hee OU e401 sa bao os ee 0e to Sed 3.3003 2 Sects «64506; 4.552 - 5205: .h.3i% 75582 8.843. 6051 02 
3 jdm rely ee Ioan toe tae ee s ae059> sel? 34,55 25.907 6206S [66827 <7 508s 59,475.12 1236¢ 439.263 15615: 
: 200 2 4S SwiteOhen2e0c: Seda: G0e 4 2605-3 6.06 5; 2.07 : S208e 29.099 10s10: 12.62: 15.752 8/7 58825 20,20: 
: 250: . 56 +: 1626 : 2.53 : 3.79 : 5.05 : 6.31 : 7658 ¢ Batt 0.9 Gs [iets beaOos 5.782 19.9%: 22.10: 45.257 
: 300 : «67. Senet 3002s Macon Ss0Os- 7.584 9,09 270,61 + 120125 F3.648 152752 8.938 220732 26.525" 30.30: 
$ Sa0ns 78 Tot? ¢ 3,54 2 S.30ee 2eOr s 8.84 310.61 332.397 3 14ef4: 15.99s F768: 22.09: 26.52: 30.93: 35.35: 
: 400: - 489 2 2.02 : 4,04 : 6.06 : 8.08 210.10 12.12 214.14 2 16016: 18.18: 20.29: 25.24: 30.30: 35.35: 40.40: 
: 450 : 1.00 ~ +: 2027 : 4.55 : 6.82 : 9.09 211.26 213.64 215.91 : 18.18: 20.45: 22.73: 28.40: 34.09: 39.77: 45.45: 
z S005: fait f2s53 3 5.05 2 7.96. 710310 $12.65 215615 TIT.68 5 20620: 22.73, 25.25: 31.552 37.88: 44.19: 50.51: 
) 600): 4.34 | 2 3.03 : 6.06 : 9.09 s)2.te2 215215 218.18 Sebeel : 24.242 27ee7s- 20000! 37.86: 45.45: 53.03: 60,61: 
: 7 00E: 456 2 3,54 : 7.07 210.6% st4ef4 317.68 221.21 224.75 °:' 28.28: 31.82: 35.35: 43.17: 53.03: 61.87: 70.71: 
: 800s" 6276-9 s 4.04 +.8.08 212.12 FiSe15 220.20 3:24.24 229.28 : 320392: 36.36: 40.40: 50.49: 60.61: 70.71: 80.81: 
: 900 : 2.91 pe 4S OS a eO4 culos tO see el SO Sevecl toheGe +27. 50-450: AOe9hs 95.45: 56.792 680183 79.552, 90. Obs 
e %, U00nss 2.23 425.05 240.16 +15.85 220.20 225.25 230.30 3:35.35 : 40.40: 45.45: S005): 63.10: 75.76: 89.3851 01.01 3 
> 1,250: 2,78 B(Ge58 S12e6o 278.94 925.c> 831657 237.88. 244.19 +: 506903 56.82: 63.4959: 78.88: 94.703110.9831 26.26: 
fo EUG fe Sede 8 7G $15.0 822.7% era0.s0 237.88 245.45 259,09 +: 60.612°68.18: 75.76: 94,.655113.645192.582151 2523 

EFFICIENCY OF PUMPING PLANT 50 PERCENT. USE FOR PRELIMINARY ESTIMATES ONLY. 

? ane 

ADAPTED FROM U. S. DEPARTMENT OF AGRICULTURE FARM “BULLETIN 1404, PUMPING FROM WELLS FOR IRRIGATION, 

EQUATION USED IN PREPARING TABLE: 

a ae ale "GPM x HEAD (IN FEET CFS X HEAD (iN FEET 

: wea HP = 3960 x PUMP EFFICIENCY = 8.8 x PUMP EFFICIENCY 

« 5 ; " ; 
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Typical Problems 


Computation of Horsepower - check results by use of table 


sy 


Bert’ Cooke asked the electrification adviser what size electric motor 
would be needed to irrigate from his well. The well. had been tested 
and was capable of a discharge of 924 gallons per minute at a lift of 
60 feet. The pump dealer ‘had assured Mr. Cooke that the pump was tested 
and would operate at 70.0 percent efficiency. Under: these conditions 


| what. size motor did the adviser tell Mr. Cooke he wotld need? . 


i 


Ans.: 20 H.P. 


Jack; Jones: needed a flow of 3 second feet to pump irrigate his farm. His 
plan: was to pump from the large river which ran by his farm. At the point 
where he was going to install his pump he found that the total head which 
his centrifugal’ pump was to operate against was 50 feet. The efficiency 
of the pump operating under these conditions was 57 percent. What size 
electric motor should Mr. Jones have installed? , 


Ans.: 30 Har. 


' A-farmer ig ready to install a sprinkler irrigation system on his farm. 


The engineer installing the system secured the following data as to his 
requirements. | = 
-Thirty sprinkler jets requiring 8 gpm were to be used, 
The lift from water to pump would be 15 feet. | ie 
‘Elevation from pump to highest point of land to‘be irrigated 
- was:26 feet, 54 e. 
‘Friction head loss would be 14.7 feet, : ; 
.Oystém was to operate at 30 pounds per square inch pressure. 
‘Centrifugal pump on system was 60 percent efficient. 


" What was the total head? (TDH). 


, What size motor would be required on system? 


Ans.: (a) 125 Ft. 


(8) 15 -HiP. 


Rare Le 


Typical Problems 


Discharge 
1. What will the rate of pump discharge be if a farmer is using a 


40 horsepower motor on a pump that is 50 percent efficient against 
100 feet of head? : 


Ans.: GPM 792 
CFS Bye 


2. A farmer has been using a 15 hp motor on a feed grinder and wants to 
use the same motor on his sprinkler irrigation system. His system 
requires a minimum discharge of 300 gallons per minute against a total 
head of 100 feet. The efficiency is 60 percent. Can he use the same. . 
motor for both jobs? eee 


Ans.? Same motor can be 
used. 


Head 
1. A 30 horsepower motor, operating a pump with a 60 percent efficiency, 


is providing sprinkler irrigation system with a discharge of 600 
gallons per minute, What feet of head is the pump operating against? 


Ans.: 118.8 Feet. 


Pe ea 


Kilowatt-Hour Consumption 


The kilowatt-hour consumption of a pump irrigation installation is based 
upon the brake horsepower SS Ti: of oe gt ey its hours of | 
operation, and the efficiency of the electric motor. The brake horsepower 
requirements can be converted to kilowatts by use of the following equation: 

Kilowatts = Brake Horsepower x .746 
Motor Efficiency 

Kilowatt-hours can be: determined by multiplying the kilowatts by hours 

of operation. | 


, ‘Kilowatt-Hours = = Kilowatts x Hours GobRatese 


Approximate Motor Efficiencies 


Se fa a ee 82 MAL 
1O°%0° 30 85 
30 to 100 . 89 a 
100 " 90 n 
100 to 500 ‘. 92 e 


There are several algebraic equations that can be used to determine 
kilowatt-hour consumption for pumping water, Those most commonly used are 
as follows: 


To determine kilowatt-hour consumption based on acre feet of water 
pumped: ; 


Kilowatt-hours = 102k x Total Head 
Overall Efficiency 


To determine kilowatt consumption per hour operation: 


Kilowatt-hours = .000189 x GPM x Total Head 
Overall Efficiency 


To determine kilowatt-hours per 1,000 gallons (not GPM) for each foot 
of head: 


Kilowatt-hours = 0031. 
Overall Efficiency 


- 2h = 


Typical Problems 


Kilowatt—hour Consumption 


1. A pump requires 30 horsepower. The motor operates at 90 percent 
efficiency. What is the kilowatt requirement or demand of the 
installation? 


Ans. 24.8 KW 


2. 1f the pump in Problem 1 operates for 2,500 hours during the season, how 
many kilowatt-hours of electricity does it consume? 


Ans.: 62,000 KWH 


3. Ifa pump is required to pump 1 acre foot of water against 120 feet of 
total head, pump efficiency is 66 percent, and motor efficiency 91 
percent, (a) what is the overall efficiency of the installation? (b) 
How many kilowatt-hours will be required to pump the 1 acre foot of 
water? 


Ans.: (a) 60% 
(b) 204.67 KWH 
4. If an irrigator had a 25 acre field which had an average water require- 
ment of 5 acre feet of water per acre during the season, how many 


kilowatt-hours would be consumed during the season if he was pumping 
with the installation described in Problem 3? 


Ans.: 25,750 KWH 
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PUMP EFFICIENCIES 


The definition of pump efficiency has been explained as the percentage 
ratio of what is being accomplished rene Ber or money that is being put 
into the installation. We could more simply say the output divided by the 
input. | & 

One of the primary objectives of research by manufacturers of pump 
equipment has been to determine ways in which the operating efficiencies of 
their pumps could be increased. During recent years Creren ont improvements 
have been made in this respect, But regardless of all the research and im- 
provements, it is of Me eiaaventanc to the irrigator unless the actual field 
efficiency of his pumping plant is as it should be. | 

The efficiency of a pump irrigation plant can be obtained only if the 
following is carried out. 


A, That he has had installed a pumping unit designed to fit his 
actual pumping conditions. 


B, That his overall plant design is well engineered. 
€, Proper and adequate maintenance. 
Pump Characteristic Curves 

Each pump manufactured is designéd tooperate at maximum efficiency under 
specific conditions. These conditions -are shown on its characteristic curve 
which has been Senna from actual laboratory tests. These curves show the 
efficiency of thepump under various operating conditions. It is felt that 
those working in electric pump irrigation should faverceena and be able to 
interpret data from these characteristic curves. 

We have included for discussion purposes the following two examples of 
typical pump characteristic curves. Although these curves may vary in design 


basically, they provide the same data and are used for the same purpose, 
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Efficiencies Effect _on Pumping Costs 


Efficiencies are probably of more importance in electric powered pumping 
equipment than any other type. Power costs are directly affected by power 
requirements of the installation. More efficient equipment means smaller 
motors with a resulting lower cost of operation. 

The following example can best show what higher efficiencies mean to 
power costs. 


Example of Costs 


A pump efficiency test report where a pumping installation was over- 
hauled showed the following improvements and actual cash savings to the farmer. 


Plant Before Overhauling After Overhauling 
Overall Plant Efficiency 32.14% 60 
Water Pumped, gpm 730 730 
Povaielitteurt. (P28) 723 
Motor Size, hp L0 20 
Motor Input, hp 41.4 aoe 
Kilowatt-hours 50,900 27, 300 
Power Cost $726.30 $376.10 
Hours Operated Per Year 1,647 1,647 
Acre Feet Pumped Per Year 222 222 
Kwhr per acre ft. 229 123 
Cost Per Acre Foot $3.27 $1.69 
Saving in Power Costs $350.20 
Saving in Percent 48.0% 


CONDITIONS WHICH MAY LOWER 
INSTALLATION EFFICIENCIES 


There are many conditions which can greatly lower the efficiency of a 
pump irrigation installation. This is in addition to selection of pump. Some 


of the most common which can and should be avoided are shown in the following 


sketch. 
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Pump Test Report 


Date 
Member's Name Address 
Equipment 
Meter No. 
Motor Her’ Volts Rated RPM 
Pump Type __Drive 


Test Results 


Total Operating Head 


Water Level Below Center of Pump Feet 
Discharge Level or Highest Point of Elevation of 
Water Above Center of Pump Feet 
Friction Head Feet 
Total Operating Head Feet 
Water Pumped 
Discharge GPM 
Water Horsepower 
Water H.P. = GPM x Head = x - HP 
3960 3960 
Input to Motor 
Disk Revolutions Time sec. oe ee 
KW input - RxKx3.6 = X X3.6 7 oa s KW 
| t t ris Input 
Input 


Overall Efficiency 
Overall Efficiency = Water Horsepower Output = 


Horsepower Input 


| 


Miscellaneous Data 


Yield of Well (GPM per foot drawdown) GPM/ft. 
Water Pumped 24 hours = GPM = x2 ac, ft. 
Temperature Water 450 oF 
Measured Speed RPM 
Kilowatt Hours/Ac. Ft. of Water Pumped kwh 
kwh = 1.024 x Total Head ie - 

Overall Efficiency ~ 1.02h x __ = kwh/ac .. 
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Determining Pumping Costs 


este Jame 


SUGGESTED PROCEDURE FOR PROVIDING 
ELECTRIC SERVICE TO IRRIGATION INSTALLATIONS 


To provide electric service to an irrigation applicant it requires that funds for 
construction be made available, that certain agreoments be executed with the 
applicant and that rate schedules for irrigation be established. The following 
information is provided to help expedite these requirements. 


Preparation of Loan Application 


On loan applications to REA which include scorvice to irvigation installations it 
is necossary that additional information be provided on tho irrigation installa. 
tions. This additional information should be tabulated and consists of the 
following: 


Itom 1 » Detail Map No. 

Itom 2 » Irrigation Applicants! Names and P. 0. Addresses 
Item 3 ~ Signed Application 

Itom 4 ~ Acres To Bo Irrigated 

Item 5» Est. Size of Inad (HP) 


Itom 6 ~ Annual Guarantcec 
Itom 7 — Est. of Annual Kilowatt Consumption 
Itcom 8 » Est. of Annual Rovenue 


To secure tho additional information the following steps of procodure are recom 
mendod, All forms shown arc suggosted forms. 


Step I Whenover a roquest is mado to the borrower for sorvico to an irrigation 
installation tho attached "Application For Irrigation Service and 
Memborship" would be oxocutod by tho applicant. 


Stop II Tho attached Form AL-113, "Estimating Powor Roquiromonts For Electric 
Pump Irrigation Installations," will bo completed at the samc time the 
application is made in Step I, This will provido aecurato ostimates 
of Power Roquiromonts of Installation and should bo attached to and 
mado a part of the applicant's application. 


Stop III When submitting a loan application, data socured in Stops I and II will 
bo used in the preparation of tho attached "Loan Application Tabulation 
For Pump Irrigation Installations." 


This tabulation will bo submitted with othor tabulationg, maps, board 
resolutions and additional data required to mako a complete Loan 
Application. 


Stop IV. Upon netico that funds aro availablo to tho borrower from RBA or prior 
to the borrower starting construction to sorve the applicant, the 
"Agrocment For Electric Sorvice To Irrigation Pump" (Form MA-162), as 
agreed to in the application, should be cxocuted betweon applicant and 
borrower, Agrooment would bo rotained by borrowor, 
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SAMPLE 


APPLICATION FOR IRRIGATION S=RVICE AND MEMBERSHIP 


The undersigned (hereinafter called the "Avplicant") hereby applies for 
service for an irrigation installation and agrees to vurchase electric energy 
from Inc. (hereinafter called the "Association") upon the 
following terms and conditions: 


1. The Apnlicant will pay to the Association the sum of $ » 68 a 
development fee, which, if the Applicant is not a member of the Association, will 
constitute his membership fee. The Applicant expressly agrees that the Association 
may, prior to the acceptance of this application, use the $ in the develop-= 
ment for extension of service to the Apolicant's irrigation installation. If the 
Association is unable to obtain a loan from the Rural Electrification Administration 
to finance the construction to provide service, the Applicant azrees that only so 
much of the $ as has not been expended for development expenses will be 
returned to him. If the Association provides service to the irrigetion installa- 
tion, the sum of $ will be retained by the Association. 


2. The Applicant when assured that funds are available to vrovide electric 
service, will, within days, execute with the Association an "Agreement 
For Electric Service To Irrigation Installation." Applicant will pay for energy 
used according to rate schedule which will be attached and made a part of the 
Agreement. Notwithstanding any provision of the schedule, however, and irrespective 
of Applicant's requirements, the Applicant will pay to the Association not less 
than per year for service or for having service available during the 
term of the agreement. 


3. The Applicant will cause his installation to be wired in accordance with 
wiring specifications avproved by the Association. The point of proposed service 
is approximately feet from the proposed distribution line of the Associa- 
tion, or from the road. 


4, The Applicant will comply with and be bound by the provisions of the charter 
and by-laws of the Association, and the agreement shall continue in force for 
thereafter or wmtil cancelled by at least 30 days' written notice given by either 
party to the other. 


Dated 19 


Applicant 
Witness 


Post Office Address 


Description Land and Well 


Irrigation Application Data Sheet Attached. Map Reference 


acres located on side of road aporoximately 


miles N-E-S—W from 


Owner Address 


Note: This application is for discussion purposes only. If it is to be used, it 
should first be reviewed by the borrower's attorney. 
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FORM AL-113 
(8-51) 


SYSTEM DESIGNATION 


ESTIMATING POWER REQUIREMENTS Colorado 00 Fisk 


FOR ELECTRIC PUMP IRRIGATION INSTALLATION 
August 15, 1951 


Z A. APPLICANT FOR IRRIGATION SERVICE 
1A. NAME 1B. ADDRESS 
Bert C. Cooke Williston, Colorado 
2A. LOCATION 2B. MAP NUMBER 
' 121 
T1169 re 425 SEC. 


3A. EXISTING INSTALLATION 3B. YEARS OPERATION 4. PRESENT POWER SOURCE (Diesel-Gas-etc.) 


‘ Yes 4 Gasoline Engine 


B. WATER SUPPLY 


1A. SOURCE (Underground- sur face) 1B. NAME (BSasin-river-etc.) 
Underground West Fork Basin 
2A. DISCHARGE IN GALLONS PER MINUTE (GP) 2B. DISCHARGE IN ACRE INCHES PER HOUR 
EXISTING OR ANTICIPATED 900 GPM oO 10} GPM X .0022 1.98 AC- IN/HR. 


C. OPERATING HEAD 


INSTRUCTIONS: TOTAL OPERATING HEAD 1S THE ACTUAL WATER LIFT PLUS DISCHARGE HEAD IN FEET PLUS ALL OTHER RESISTANCE TO FLOW 
(Pipe friction-elbows-valves-etc.) IN FEET OF HEAD. 


1. SURFACE DISTRIBUTION \NSTRUCTIONS: SHOW WATER LIFT ONLY UNLESS CONSIDERABLE OTHER RESISTANCE 1S PRESENT. 


FROM WATER LEVEL (During pumping) TO CENTER OF PUMP DISCHARGE PIPE ..........2.2.42.242.2. 85 FEET 
OCHERBRHEADSINSFEER (Fi pexfriction=vailiv ee=.6 tC.) omic 9 area eh ar Sy eer ben een em ay al we oe lame ete te mien ee ween FEET 
MIT ALBEE RAT INGENEAT ei ty ke 85 FEET 


2. SPRINKLER DISTRIBUTION INSTRUCTIONS: DATA ON HEAD FOR SPRINKLER SYSTEM CAN BE OBTAINED FROM ENGINEER DESIGNING 
SPRINKLER SYSTEM. 


FROM WATER LEVEL (During pumping) TO HIGHEST POINT OF WATER ELEVATION. ......... +... FEET 
OPERATING SPRINKLER PRESSURE (8163 Stay 24S meh IN ee ts 2 3 8 Seeder rer hl crew Pa: forte pe rw aces al FEET 
OSM REREAD MUNBReElaGmai pe. intction=vad ves= €LbOws=.6.b:C)s,)is decid 2) seudeey. ou inc dshqidmipeiemsr 18) Sep abelian a? ocduntsoirenieencs aA p 

TOTAL ROR ERAT-UNGABEA Dn thie iirc spot Steeler otk ciel el sh kA Ser Sutin shin Seno sitesi at toa en pen pte tal Sy FEET 


D. HORSEPOWER REQUIREMENTS 


INSTRUCTEONS: ON NEW PUMP INSTALLATIONS OR ON INSTALLATIONS IN SERVICE FOUR YEARS OR LESS ASSUME A 60 PERCENT PUMP EF- 
FICIENCY. ON INSTALLATIONS IN SERVICE OVER “FOURS ASSUME A 50 PERCENT PUMP EFFICIENCY. 


H.p, — DISCHARGE GPM (Shown in B-2a4) X HEAD (Shown in C) - 900 x85 —_ 22 lole 
3960 X (Assumed pump efficiency) 3960 X 60 


E. KILOWATT REQUIREMENTS 
INSTPUCT IONS: WHEN H.P. REQUIREMENTS OR DETERMINED TO BE 15 H.P. OR LESS ASSUME A 8O PERCENT MOTOR EFFICIENCY. WHEN 


DETERMINED TO BE OVER 15 H.P. ASSUME A 90 PERCENT MOTOR EFFICIENCY. 


kw, — HP. (Shown in C) X_.746 fe Ge X USTAG = Be KW. 


(Assumed motor eff.) 90 


ee ie Sia :. +3 Ye oy - : F ss AE pn ir RE TUTE ERE ES NEE AIG LO ITO, I BI TN TE TI CI BIS TI SIS Bf TEI HERTS 


FORM AL-113 (8-51) PAGE 2 


INSTRUCTIONS: ASSISTANCE IN COMPLETING F, @ AND H MAY BE OBTAINED FROM COUNTY AGENS, SOIL CONSERVATEON SERVICE, oTHER 
IRRIGATOR OR SOMEONE FAMILIAR WITH THE IRRIGATFYON PRACTICES IN THE AREA. SOME F FELD ESTIMATES MAY BE REQUIRED. 


—. CROP WATER REQUIREMENTS 
AVERAGE ACRES AVERAGE (HCRES WATER | 


REQUIRED FOR ONE 
TO _BE IRRIGATED WATER APPLICATION IT ACRES X IN. WATER R 
_ €RCH SEASON DISCHARGE iN ACRE IN/HR. (8. 


. 5 = 
. a 165 
a rae Ma ack he 


INSTRUCTIONS: TF crop (A) IN F IS To BE IRRIGATED ONCE IN MAY, ONCE IN JUNE, TWICE IN JULY AND TWICE IN AUGUST THEN 
OPPOSITE (A) YOU WOULD PLACE A 1 IN EACH COLUMN HEADED MAY & JUNE AND A. 2 IN EACH COLUMN HEADED JULY & AUGUST. DO THIS 
FOR ALL CROPS SHOWN IN F, 


y : FEB, 


HOURS RUMPING PER CROP 
PER WATER APPLICATION 


fRREGATED 


8 


ee 
H. WUMBER OF HOURS OF PUMPING DURING SEASON BY MONTHS 
INSTRUCTIONS: NUMBER OF APPLICATIONS SHOWN IN G MULTIPLIED BY HOURS OF PUMPING PER CROP APPLICATION AS SHOWN IN F. fae 


[ea ee “| 
L |] faa sen | un | ase oro) el 
1. TOTAL KILOWATT-HOUR CONSUMPTION DURING SEASON BY MONTHS 
INSTRUCTIONS: KILOWATT Hours = tw (Shown in E) xX HOURS (Shown in H) 
MARCH ocr. Bex 
: : — 
TOTAL KILOWATT-HOUR CONSUMPTION FOR SEASON IRRIGATOR INTERVIEWED BY Dare 


37,969 
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eee U.S. DEPARTMENT OF AGRICULTURE Budget Bureau No. 40-R2358 
RURAL ELECTRIFICATION ADMINISTRATION Approval Expires October 341, 1953 
PUMP IRRIGATION SURVEY TABULATION SYSTEM DES{GNATION 
To: U.S. DEPARTMENT OF AGRICULTURE, REA, WASHINGTON 25, D.C. Colorado 00 Fisk 
Attention: APPLICATIONS AND LOANS DIVISION DATE 
INSTRUCTIONS: SEE LOAN AND POWER USE MEMORANDUM NO. 3 August 15, 1951 


DATE 


EST IMATED ANNUAL 


GUARANTEE 


Bert ©. Cook 
Villiston, Coloreo 


Jack Fryer 
Williston, Colorado 


John Jones 


Manchester, Colorado 


Le) 


Complete Irrigation Tabulation Yo a fee eron etahtattons 1 cluded I 


TOTAL 


CERTIFIED BY (Secretary of Cooperative) 


ESTIMATED 
ANNUAL 
REVENUE 


— 


Form CU-199 
(12-51) 


x AGREEMENT FOR ELECTRIC SERVICE TU IRRIGATION PUMP 


BOREL emgage ss ee SI 19. between 
oe een Tate bopeer wail fe vitae 1 (hereinafter 
bas called the “Seller").and_. eg Fae! or Tum nce 
(hereinafter called the "Consumer"), 
WHEREAS, Seller will have electric power and energy available 
for sale at Consumer's premises as soon as certain electric lines and 
facilities are constructed. 
a 2 NOW, therefore, this agreement, 
WITNESSETH: 
The Seller agrees to sell and deliver to the Consumer, and the 
Consumer agrees to purchase and pay for electric power and energy suffi- 
client to operate a_.o..........._horsepower irrigation pump 


motor at the location hereinafter described, upon the following terms: 


1. Service Characteristics 


a@. Service hereunder shall be alternating current, 
phase, sixty cycles, __..-_ volts. 
»| b. The Consumer agrees not to use the electric power and 
energy furnished hereunder as an auxiliary or supplement to any other 
source of power and that electric power and energy purchased hereunder 
will not be resold. 
2. Payment 
a. Consumer shall pay the Seller for service hereunder 
at the rates and upon the terms and conditions set forth in Schedule 


attached to and made a part of this agreement, Notwithstanding 


any provision of the Schedule, however, and irrespective of Consumer's 
requirements, the Consumer shall pay to the Seller not less than 

$ per year for service or for having service available 
hereunder during the term hereof, provided, however, that Seller shall 
make available electric power and energy hereunder on or before 


a) ° 


be The initial monthly billing period shall start when 
Consumer begins using electric power and energy, or at the time of 
commencement of the irrigation season next following the date Seller 
first makes service available to Consumer hereunder, whichever shall 
occur first; provided, however, that if said initial monthly billing 
period starts after the commencement of the normal irrigation season 
the foregoing yearly minimum charge shall be prorated on the basis of 
the ratio that the number of months service is available or furnished 
hereunder during the initial normal irrigation season bears to the 
number of months in said irrigation season, 

ce Bills for service hereunder shall be paid at the office 


of Seller in State of 


a re ES a a OR es £2 oS a ree 
monthly within ten (10) days after the bill is mailed to the Consumer ¢ 
If Consumer shall fail to pay any such bill within such ten (10) day 
period, Seller may discontinue service hereunder by giving ten (10) 
days* notice in writing to Consumer. 
S$. Membership 

The Consumer shall become a member of the Seller, shall pay 

the membership fee and be bound by the provisions of the articles of 


incorporation and by-laws of the Seller and by such rules and regulations 


as may from time to time be adopted by the Seller. 


=aQ«= 


4, Right of Access 
Duly authorized representatives of Seller shall be permitted 


to enter Consumer's premises at all reasonable times in order to carry 
out the provisions hereof. 


; 5. Continuity of Service 


; The Seller shall use reasonable diligence to provide a 


constant and uninterrupted supply of electric power and energy; but if 
such supply should fail or be interrupted, or become defective through 
act of God, governmental authority, action of the elements, publio enemy, 
accident, strikes, labor trouble, required maintenance work, inability 
to secure right of way, or any other cause beyond the reasonable control 
of Seller, Seller shall not be liable under the provisions of this 


agreement. 


6, Term 
This Agreement shall become effective on the date first above 
written, and shall remain in effect for a period of years and 
thereafter from year to year until terminated by either party giving 


to the other months! notice in writing. 


IN WITNESS WHEREOF, the parties hereto have executed this agreement 


as of the day and year first above writton. 


Seller 
7 Attest: 
, By 
President 
Secretary 
Consumer 


OO eee er eee 


LAND DESCRIPTION AND LOCATION OF WELL 


acres located on side of road 


approximately miles N-E-S-W from 


Section Township Range 


Owner 


Address 


(Spot your well in the 40-acre tract of the section below). 


IRRIGATION RATES 
Introduction 
Thero has bden a lack of unidorstindine in regard to tho dositen of the various 
punp irrigetion rate schcdulos in effect. It is, theroforc, folt that tho 


following discussion ParreRe by Ris Rate Section on irrigation rates will be 
useful. 


Cost Hlonents 


any cooperative which serves an approcinblo nunber of irrigntors will have a 


heavy investment in transformers and service lines for irrigation. It nust 
alse build heavier, more expensive distribution linos and substations than 
would otherwise be necessary. Rovenuoe fron irrigetors should cover the ine 
crease in oxpensos arising from this increascd plant invostnont, in addition 
to cost of powcr purchasod for irrigation. It is dosirnble to esos the irri. 
gation rato as low as possiblo without subsidizing irrigation by revenue fron 
other consumcors. Thoereforo, irrigation rates for RiA systoms are designed 

to cover these "inerenental" costs, but not a full shore of syston overhead 
cxpenses. 


The cooperative's cost of wholesale powor for irrigation will, of course, vary 
with the KWH and KW used by the irrigators. All other expenses of irrigation 
service ~ interest, anortization, taxcs, insurance, oporation, maintenance, and 
reserve for ropla donent . Will rennin fairly baneeent dotendine on the total 
plant investnont for providitie service to irrigators, and may be reforrod to 

as "Fixed costs." Bach individual irrigctor's equitable sharo of the total 
fixed costs: is proportional to the size of his pumping load in horsepower rem 
gardless of his KWH usage. Fixcd costs nay thus be reduced to an anount per 
connected horsepower of motor load. 


It is important that tho irrigation rate be designed to recover fixod costs, 
whether the irrigator's KWH usage in relation to horscpower (which depends on 
total hours pumping) is great or small, and during ycars, when an irrigotor 
needs littlo or no irrigation, it is important that he bo required to pay a 
nininun opened ‘a covor a sufficiont portion of his sharo of fixed costs. 


Ratcs 


Because of the scasonal nature of their requirements, it is necossary to 
design special types of rates for service to irrigetors rathor then use the 
standard type of farm or powor rate. Another aspect of a good irrigation 
rato is that tho averago rate per KWH should decrease as a irrigator's 
nunber of hours pwiping increases, to an extont which will oncourage the 


irrigator to pump more hours end uso tho smallest notor possible. Good ovor— 


all utilization of the’ plant investment nakes a lowcr avorage rate foasible 
for a snallor notor pumping more hours. , 


hd ten 


A workablo irrigation rato which bost nocts the requirencnts discussod above, 
is tho type illustrated in the attached exhibit A, a sample irrigation rato 
schodule, This rate includes a charge por connected horsopower por yoar and 
an cnergy chargo. Tho horsepowor charge is a fixed chargo which does not 
entitle the irrigator to the use of onorgy, and is also the nininun annual 
charge. It is a charge based on the individual irrigator's share of fixed 
costs, which depends on the horsepower of the notor served, There is o nargin 
above powor costs in the onergy charge which will cover part of the fixed 
costs, but the horsepowor chargo should cover no less then the fixcd costs 
incident to the irrigator's transforners and sorvice installation, 


This type of irrigation rate consisting of a horsepower chargo, plus an onergy 
charge, permits the lowest possible annual ninimun charge, since no energy is 
included for the fixed charge, and the entire onount goocs towards nocting the 
cooperativo's fixed costs, of supplying service. . If the horsepower charge ine 
cluded the use of cnorgy, or if the rate consisted of charges per KWH only, 

the mininun would have to bo high onough to cover, in addition to fixed costs, 
the cost of powcr to which the irrigator would be entitled for the amount of 
the nininmun, This would be necessary protection to the cooperative even t hough 
it would ponalize the irrigator during years when he did little or no irrie 
gating. 


Very often when an irrigation rate including a horsepower charge is introduced 
on a cooperative, there is considerable consuner resistance to tho horsepower 
charge because no energy is included, The uninfornod irrigator focls that he 
should pay only on the basis of the KWH he needs. Ho mist bo nado to undcre 
stand, as a moenbor of the cooperative, that the cooperativo incurs considerablo, 
continuing oxpenso simply to.provide hin with service, even though he nay not 
use one KWH; and that the horscpower charge assures his cooporative of meoting 
these expensos. On the othor hand, he should understand that tho horsepower 
charge pornits a lowor mininun bill. This is important to him during yoars 
whon lgttlo or no irrigation is requircd. Accordingly this typo of rate is 
articularly advantagcous to irrigators in arcas whore little or no irrigation 
is nocessary in wot years. 


Iwo other typos of ratos commonly used for irrigation are shown in Exhibit B. 
These rates roquire a highor annual mininun, since they consist only of energy 
charges, so that an allowance for cost of power nust be included in tho 

mininun, Fixed costs are recoverod in the hisher priced onergy blocks, Tho 

size of these blocks is based on connected horsepower of notor load, so that, 
indirectly, the sanc effect is obtained as with a rate including a horsopowor 
charge ~ fixed costs are covered on the basis of horsepower load, and the 
irrigator is encouraged to pup longor hours and thus carn a lower average 

rato por KWH. : 


Tho nininun charge should be on an annual basis undor any irrigation ratc, but 
the onergy charges may be on a nonthly basis, os illustrated in ono of the — 
Exhibit B rates. This has some advantage if the cooperative!s rate for pur. 
chased powor includes a donand charge, in thet additional irrigation rovenue 
is obteined during tho specific nonths that the irrigation load increasos tho 
domand charge in the wholesale power bill. In other respects, an annual rato 
is nore appropriate to the annual eycle of irrigation, 


Sig he 


an 


Overall revenue under an annucl rate can be quite accurately cstinated for 

any amount of average consumption per irrigator per year, but under a monthly 
rate, the revenue for a particular annual average usage will be more dependent 
on variation in consumption from montheto-month and between consumers. <A 
monthly rate designed to average the sane cost per KWH as an annual rate under 
normal pumping might produce appreciably less revenue than the annual rate 
during an unusually short pumping season. eis 


It has been emphasized throughout the above discussion that the cooperative is 
burdened with the fixed costs of supplying irrigation service regardless of 
the amount of pumping. Fixed costs continue fron year to year, even though 
irrigation service may not be used in some years. It is therefore important 
that the cooperative obtain at least the minimum bill revenue from each irri 
gator year in and year out, Irrigation contracts for a one year period do not 
give adequate protection in this respect. Any momber who wants irrigation 
service should therefore be required to sign a contract for at least a three 
year period (preferably five) which contains adequate provisions regarding . 
payment of the minimum oach year, and a provision that the contract shall to. 
matically be renewed for like periods unless notice of termination is given 
before an expiration date. In the absonco of such contract provisions, the 
cooperative can make rules for irrigation scrvice which accomplish the same 
purpose by requiring payment of the minimun evory year. However, it is best 
to incorporate these requirenonts in a contract. 


Summary 
To sum ups 
1. A separate fixed chargo per horsopower makes possible a low annual 


minimum charge. 


&» Tho minimun charge must bo paid every year, evon though service is 
not used. 


5. Rates for irrigation should be so designed that there is a strong 
incentive for the irrignator to install o motor of mininun sizo and pump a 
maximum number of hours. 


4, R&A irrigation rates are designed:on on “incremental cost" basis 


which results in a preferential rate but not a rate so low that irrigators 


are subsidized by othor consumers. 


a bees 


axhibit "A" 


SCHEDULE 1 


Availability 


Available to members of the cooperative located adjacent to its threcsphase 
lines for pump irrigation sorvice, subject to the cooporative's established 
rules and regulations, where tho momber has signed a contract for at least 
‘three yoars.. ; 


Type of Scrvico 


Throomphaso, 60 cyclo, at available sccondary voltage. 

sors : or 
A Fixed Horsepower Chargo of $6.00 per horsepower per yoar. 
einer Charge of 1.5¢ per KWH for all energy used. 


Minimum Annual Charge 


The minimum annuel charge under the above rate shall be $6.00 por horsepower, 


excopt that for motors of less than 10 HP it shall be $60.00. 


Dotermination of Horsepower 


Tho horsepowor for billing purposes shall be the motor nomoplate rating, or 
at its option the cooporativo may dotermine the horsepower by test under 


conditions of maximun-oporating load. The horsopower is subject to adjustment 


for power factor, as follows? 
Power Fastor 
the consumer agrees to maintain unity power factor as nearly as practicable. 


The horsepowor for billing purposes may bo adjusted to corroct for average 
power factors lower than 90@, if ond whon the Soller doems nocessary. Such 


adjustments will be made by inereesing the horsepower 1% for cach 1% by which 


the average power factor is less:than 90% lagging. 


Torms of Payment 


All of tho above rates aro not, the gross rates being five porcent (5%) higher. 


In the cvent the curront monthly bill is not paid within fiftoen (15) days 


from the dato ef tho bill, tho gross rotes shall apply. The horsepower charge 


shall be duc and payable in threo Oqual installmonts on the day 


of ; » and each yoar. 


Sane 


Wer 


EXHIBIT "Bp" 


Tho following rates wore designed as alternates to: the rate se ate sod in 
Exhibit Pie based on the same. basic distiae:. . ; 


Le Anrmal ee without hor sopowor charge 
First 500 kwh per he per yoor 6 2,5¢ per kwh 
Next 500 kwh por hp per yooar 6 1.75¢ por kwh 
Over 1000 kwh per hp per year @1,5¢ por kwh 


2 Monthly rate without horsopower charge: 


First 59 kwh per hp per month @ 3.0¢ por kwh 
Noxt 50. kwh per hp per month @ 2,0¢ por kwh 
Over 100 kwh por hp per month @ 1,5¢ per kwh 


Minimum Annual Charge: » $10.00 por hp 


Aha 


EXAPLE METHOD OF DETERMINING COSTS OF PUMPING FOR 
IRRIGATION 


The following example has been prepared to show a method to itemize . 
and determine irrigation pumping costs. Costs are usually expressed 
in dollars per acre-foot, as shown in the following example. 


Electric Motor — Direct Connect 


a. water Pumped _ 
b. Capacity of Pump 900 G. P. M. 
ce. Total Pumping Head. 92 Feet - 
d. Hours of Operation 600 Hours 
e. Pump Efficiency 70 Percent 
f. Horsepower Input to Motor 30nd Py 
g. Kilowatt Input to Motor 24.8 Kil 
h. Motor Efficiency . |. 90 Percent 
i. Horsepower Rating of Motor 30°R PP: 
2. *Investment in Plant 
a. Well (Drilling ~ Casing ~ Testing) $1126 .00 
b. Pump (Column Pipe - Strainer - Pump Head - Etc.) 1500.00 
c. Power Transmission (Direct) (Belts) 
d. Power Unit With All Respective Appurtenances 950.00 
e. Plant Housing and Lay out 125400 
£, -lnstallation 15400 
#3775 00 
3. Fixed Charges 
a.**Interest —- $1887.50 € 6% Lj .25 
b.**Taxes & Insurance -~ $1887.50 
at 2% ; 37340 
c. Depreciation -~ $3775.00 @ 5% 
(20 Years) 186. (5 
Total Fixed Charges $339.75 
4. Operating Charges 
Energy Consumption 14,680 kwh. 
4; nergy charges ; | 
H.P. charge 30 x $6.00 = $180.00 
3000 kwh @ 2¢ = 60.00 
6000 kwh @ 1.5¢ e 90 .00 
5880 kwh € 1.0¢ 58.80 
Total Energy Charges » 388.80 
b. Lubricants 100 ac. ft. x 0.05/ac Ft. 5.00 
c. Repairs 100 ac. ft kt O120/ac Ft. 20.00 
d. Attendance —- 
Total Operating Costs 
413.80 
5. Recapitulation 
Fixed charges Le pe 
Operating charges 413.80 
Total Annual Costs ® 753.55 
Costs of Pumping per Acre Foot Cape 


Operating Conditions 


100 Ac. Ft. 


*Prices used for illustrative purposes only. 
**Average Investment Over a Period of Years. 
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PART IV 


PROPOSED A.S.A.B. MINIMUM REQUIREMENTS 
Design, Installation, ond Porformance 


of 


Sprinktor Irrigation Equipment 


These minimun requirements pertain to the design, instcl- 
Lation, and porfornanco of sprinkler irrigation cquipment, and 
include doalcrapurchascr responsibilitics. The design and 
performance roquircnoents are concerned particularly with those 
factors that are directly rolated to land, crops, and farn 
operations. The dealcr-purchaser responsibilitics recognize 
succossful operation of a sprinkler syston as depending on both 
buyer and scllcr, 


The following requirements were proposed by the Aiiericen 
Society of Agricultural Engineers and accepted by the Sprinkler 
Irrigation Equipient monufecturers and distributors. 


Ee en 


DESIGN AND PERFORMANCE 


1. Application Hate 


A portable sprinkler irrigation system, when properly designed and operated, 
shall meet the following conditions with respect to water applications 


(a) Apply water at a rate which does not cause runoff during the normal 
operating period nor cause water to stand on the surface of the 
ground after the sprinkler line is shut off, 


(b) Determination of the proper rate of application shall be the 
responsibility of the person designing the system. Values for 
bare ground infiltration rates for different types of local soils 
may be obtained from responsible agricultural technicians. In 
the absence of such technical advice, the designer may estimate 
the proper application rate on the basis of past experience with 
Similar soil types. 


2. System Capacity 


(a) For regularly irrigated areas, the system shall have the capacity to 
meet the peak moisture demands of each and all crops irrigated within 
the area for which it is designed. Sufficient time must be allowed 
for moving laterals and for permitting cultural practices on the land. 
The capacity must also allow for reasonable water losses during appli- 
cation periods with the system operating in accordance with design 
conditions. 


(b) For supplemental irrigation and/or special uses, the system shall 
have the capacity to apply stated amount of water to the design area 
in a specified net operating time period. 


3. Depth of Water Application 


In the design of the system, total depth of application (equivalent rainfall) 
per irrigation shall be governed by the capacity of the soil for moisture stor- 
age and the depth of the principal root zone of the crop irrigated. Information 
on both of these factors may be obtained from agricultural technicians or may 

be estimated by the designer on the basis of his past experience with similar 
soil types and crops. 


4, Uniformity of Water Application 


Uniformity of water application is affected by both pressure in the line and 
spacing of sprinklers, Recommendations for desirable operating pressures and 
spacings for different types of sprinklers and nozzle sizes should be obtained 
from the sprinkler manufacturer. 


eee 
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Differences in pressures at the sprinklers should be kept to a minimum to 
assure reasonably uniform distribution of water over the entire design area. 


A common rule, which should be adhered to as closely as practicable, is to 


limit pressure differences along a sprinkler lateral to 20 percent of the 
higher pressure. 


Excessive pressure differences in the main or supply line result in widely 
varying pressures at the head of the laterals, In many instances these 
excessive variations cannot be controlled by pipe size alone. Then the only 
practical alternative is to design for adequate pressure at the lateral take- 
eff where pressure in the main will be lowest and instruct the operator in 
regulating pressures into the other laterals by adjusting the take-off valve 


openings... : 

5. Crep Damage 

Water must be applied in a manner which will not cause direct physical damage 
to plants or fruit. ai : 


DEALER-PURCHASER RESPONSIBILITIES 


1. Dealer Responsibility 
(a) Proper Design 


When the system is planned by a dealer, or his representative, the 
dealer assumes full responsibility for the proper design of the 
system he proposes to: furnish. Design requirements to fit the 
system to conditions of soil, topography, water supply and crop 
enterprise must be ascertained by the dealer either directly or by 
obtaining such information from recognized reliable sources, 


When design requirements are furnished in writing by the purchaser, 
‘the dealer's responsibility is limited to the design of the system 
to meet the stated conditions. 


When plans and specifications are furnished in writing by the pur- 
chaser, the dealer's responsibility is limited to supplying equipment 
which will ‘satisfy the requirements of the specifications furnished. 


_ When the purchaser buys the system piecemeal, he absolves all dealers 
of responsibility for the performance of the system as a unit. 


(b) Proper Installation 


The dealer or his representative assumes full responsibility for the 
proper installation of the system. 


Pumps and power units must be set on a firm base and care must be 
taken to keep the pump and the motor or engine in proper alignment. 


oe 


1. (b) Cont'd 


Wiring and starting equipment for electrically operated plants must — 
comply with approved standards, Electric motors must be provided with 
overload and low-voltage protection, 


Internal combustion engines must be provided with protective devices, 
Thermostats must be supplied that stop the engine when water or oil 
temperatures excéed the safety point. Where conditions are such that. 
a failure of the water supply might result in the pump losing its 
prime, the pumping plant must be protected by a device that stops the. 
engine. These devices may be dispensed with where conditions are 

such that there is little probability of water supply failure, or when 
the pumping plant is constantly attended. 


(c) Operating Instructions 


The dealer or dealers furnishing equipment required for a complete 
sprinkler system should furnish to the purchaser, in writing, such 
instructions, performance charts and layout drawings as are required 
to insure proper operation, in accordance with design conditions and 
normal expected life for the type of equipment furnished. 


(da) Performance Warranty 


When a dealer or associated group of dealers assumes responsibility . 
for the design and installation of a sprinkler irrigation system, a 
warranty should be furnished, stating specially the performance ex- 
pected for water application rate, capacity, rate of coverage for 

a specific design area serving specific crops and crop acreages as 
stated by the purchaser and mutually understood to be the basis of 
design. 


Warranty should be based on trial of the system during eperation under 
the range of Operating conditions imposed on the system. The warranty 
Should not be expected to cover any conditions encountered which were 
beyond reasonable control of the dealer: either in design or instal- 
lation, Values used for infiltration rate, peak’use rate of moisture 
by crops, or capacity of soils to retain water for plants cannot be 
expected to be accurate for every local condition of soil. Evidence 
that the dealer has made reasonable efforts to obtain values from 
reliable sources should be sufficient reason to absolve him from 
responsibility if such values do not represent local conditions. 


When a dealer, or dealers, assumes responsibility for the instal- 
lation of a system in accordance with specifications supplied by the 
purchaser, a warranty should be furnished, stating the performance 
expected as to friction loss in the System, pump and engine or motor 
meetede wi se. and other pertinent: data pertaining to the specifi- 
cations. 
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(e) 


(f) 


Equipment Warranty 


The dealer or dealers assuming responsibility for the installation of 
the system must furnish warranties covering the quality of material 
and workmanship of each piece of equipment furnished in accordance 
with the original manufacturers guarantee, and provide for replace- 
ment of defective parts shown to have failed because of poor quality 
materials or poor workmanship. 


Maintenance and Repair Service 


Dealers selling sprinkler irrigation systems in a territory should 


maintain an inventory of replaceable parts and required equipment 
repair service. The extent of this available service should be such 


that users in the territory would be assured of reasonable service 


which would avoid crop loss due to shutdown of a system for replace- 
ments or repairs. 


2. Purchaser Responsibility 


(a) 


(b) 


Operations in Accordance With Instructions 


The purchaser and user of a sprinkler irrigation system has to assume 
responsibility for failure of the system to perform properly if, after 
receiving all data furnished by the dealer, he fails to onverate the 
system in accordance with all conditions assumed in.the design of the 
system, To obtain a full life of all equipment the user must. observe 
the stated limits of operating conditions set forth by the manufacturer. 


Care and Maintenance Recommendations 


The purchaser must follow the dealer's recommendations for care and 
maintenance of the equipment. This applies to periods of use as well 
as non-use of the equipment. 
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DEFINITIONS 


Design Area | 


The specific land area which the supplier or designer and the purchaser : 
mutually understand will be irrigated by the sprinkler system. ? 
% 


Sprinkler Irrigation System | " 


Includes all equipment required to apply water to the design area, from the 
source of water supplying the system to the revolving sprinkler, nozzles, or 
perforated pipe. 
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If water is already available to the design area, the system includes only the 
equipment required to develop the necessary pressure and apply the water to 
the area, co 


If both water and pressure are available, as in the.case of an existing 
pressure line, the system includes only the equipment required to take water 
under pressure from the supply line and apply it to the design area. 


Sprinkler Lateral 


A line of portable pipe or tubing with sprinklers, nozzles, or perforations t 
along the line. A lateral may.be one of several operated from a common main 
supply line, or may be a single unit supplied directly from the water source. 


Application Rate 


The equivalent rainfall rate, expressed in inches of water depth per hour, 
(acre-inches per acre per hour), For systems with rotating sprinklers, the 
rate is computed-on the basis of the spacing of lateral settings, the spacing 
of the sprinklers along the lateral, and the average discharge of the 
sprinklers. For perforated pipe systems, the application rate is computed 
from lateral spacings, length of lateral, and average flow into the lateral. 


Infiltration Rate 


The rate at which soil will take in water during the irrigation period; 
expressed in inches of water depth per hour (acre-inches per acre per hour). 


Peak Moisture Demand 


Peak moisture demand of any crop is considered to be the maximum that occurs ; 
during periods of maximum temperature and crop growth, This peak demand for « 
moisture on the part of a crop results from transpiration by the plants, and x 
direct evaporation from the soil. : 
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